Although the serum proteins in diseases of the liver have been studied by the electrophoretic method by many investigators, few references have been made to biliary cirrhosis (1) (2) (3) . Since a systematic study has not as yet appeared, the present investigation of ten cases of obstructive biliary cirrhosis was undertaken.
METHODS
Electrophoretic runs were performed with standard apparatus and technique, the experimental details having been reported previously (4). The buffer was sodium diethylbarbiturate (veronal) of pH 8.6 and ionic strength 0.1.
In the estimation of the fractions as per cent of the serum proteins both ascending and descending patterns were used, the areas being divided by ordinates from the nadirs between peaks to the base line. The quantities of the fractions as grams per cent represent the products (4, 5) of the percentages and the total proteins from the conventional Kjeldahl method, using a nitrogen factor of 6.25. Such a method of computation involves the assumptions that the specific refractive increments and the nitrogen contents of the various protein fractions are identical. These assumptions which have been generally employed as first approximations must be modified somewhat in view of the quantitative studies of Armstrong and colleagues (6, 7) . In practice the errors thus introduced appear ordinarily no greater than others inherent in the electrophoretic method. However, where there is considerable increase in the lipids associated with the beta-globulin complex, the nitrogen content of this fraction is low in comparison with its refractive increment which determines the size of the peak in the electrophoretic diagram. In such a circumstance, which occurred in some of the cases of the present series, the errors in computing the absolute concentrations of the protein fractions may become appreciable. On the other hand, the accuracy of the values for the relative proportions of the fractions (as per cent of the serum proteins)
should not be seriously affected...
The tests of hepatic function were performed by the usual methods as previously described (4) (8) .
Ether extraction of the serum was carried out in one case by performing three extractions with redistilled diethyl ether, shaking thoroughly before each separation.
The procedure was carried out in a cold room at 40 C. The ether layer acquired the coloration of the serum, the hue being progressively less intense on successive extractions so that in the third, the ether layer was almost colorless.
CASE MATERIAL
The present study comprises ten cases of obstructive biliary cirrhosis. In all patients cholelithiasis had been present and cholecystectomies had been performed. All had been intensely jaundiced or were still jaundiced at the time of study. In six cases (L. S., L. H., K. V., M. G., W. H., and T. 0.) development of biliary cirrhosis followed cholecystectomy, and four of these patients (L. S., L. H., W. H., and T. 0.) had subsequent laparotomies in the attempt to repair a severely stenosed common duct. In four cases (F. F., M. E., M. F., and C. M.) biliary cirrhosis was already present at the time of cholecystectomy and hence could not be attributed to surgical trauma to the common duct.
The diagnosis was confirmed histologically from tissue obtained at laparotomy or by needle (Vim Silverman) biopsy of the liver in eight of the ten cases. The other two (M. G. and W. H.) were clinically typical cases, and in one of them (W. H.) an enlarged bile-stained liver was observed at three laparotomies for repair of the severely stenosed common duct.
The series has been confined to cases of biliary cirrhosis of the obstructive type, other etiologies such as parasitic infestation, etc. being excluded. No cases of essential xanthomatosis were studied.
RESULTS
Typical electrophoretic patterns are illustrated in Figure 1 and the data on the serum proteins as well as the tests of hepatic function are listed in Table I , roughly in order of increasing deviation from normal serum protein composition. The normal controls have been reported previously (4).
The electrophoretic analyses revealed diminutions of the serum albumin fractions in all cases 1469 even when normal by the Howe method. The gamma-globulins were elevated in eight of the ten cases. The beta-globulins were elevated in all cases, with some strikingly high values, a finding which will be further discussed. Significant increases of the alpha-one-and alpha-two-globulins occurred less frequently.
As shown in Table I , hypercholesterolemia with decreased cholesterol esters was observed although not a constant finding. Several unusually high alkaline phosphatase activities occurred, and all but two values were above normal. Cephalin cholesterol flocculation and thymol turbidity tests were positive in all but four and two instances respectively.
On the basis of their clinical status at the time of the study, the cases fell into three groups which bore some relationship to the electrophoretic data.
In the first group of two cases (W. H. and M. F.) the pathologic process was apparently quiescent and the serum bilirubin values were normal.
W. H. had been entirely asymptomatic for five months with normal tests of hepatic function including bromsulfalein retention of 3 per cent; the electrophoretic analysis showed slightly reduced albumin, elevated beta-globulin, and normal gamma-globulin. M. F. with minimal symptoms (pruritus, fatigability) for 11 months had a high alkaline phosphatase (35.1 units) and bromsulfalein retention of 48 per cent, despite normal serum bilirubin; the electrophoretic analysis revealed moderately diminished albumin and elevated betaand gamma-globulins.
The second group of five patients (T. O., M. G., C. M., F. F., and K. V.) had active ascending cholangitis at the time of the study with varying degrees of elevation of the serum bilirubin. The electrophoretic patterns showed greater deviation from the normal than the quiescent group with, however, considerable variation. The albumin values of all but one (M. G.) were below 3 grams per cent. T. 0. exhibited a strikingly high betaglobulin peak without gamma-globulin increase. M. G. and K. V. showed increased beta-and gamma-globulins. C. M. and F. F. had some elevation of all the globulin fractions, the former with high gamma-globulin, the latter with high betaglobulin.
The third group of three patients (M. E., L. S., and L. H.) exhibited secondary xanthomatosis (palmar and palpebral) after long histories of obstructive jaundice. M. E. was studied three years after the onset of episodes of chills, fever and jaundice, and five months after cholecystectomy which had been followed by decline of the serum bilirubin to a value only slightly above the normal range.
The electrophoretic analysis showed marked abnormality with diminished albumin and elevated beta-and gamma-globulins, but the pattern was far less striking than those of L. S. and L. H., the most bizarre in the series. These patients had almost complete occlusion of the common duct due to stricture following cholecystectomy five years ago in each case, and attempts at EI3CTliPHORETIC PAUTRS OF SIE operative repair had been futile. The onset of progressive secondary xanthomatosis occurred during periods of clinical observation long after histologic diagnoses of obstructive biliary cirrhosis had been made. The electrophoretic patterns showed spectacular beta-globulin elevations. Both had marked diminutions of the albumin fractions. The beta-globulin fraction of L. S. was exceeded by the even higher gamma globulin, which was the highest in all the cases studied. The beta-globulin of L. H. was over three times the normal in grams per cent and exceeded each of the other fractions of the serum.
Changes of electrophoretic patterns during the course of the disease were followed in three illustrative cases (K. V., L. S., and L. H. The electrophoretic patterns and data of these three patients are shown in Figure 2 and Table II. K. V. had had a cholecystectomy three months previously with a rubber abdominal drain left in place, followed by intense jaundice and ascending cholangitis. After laparotomy with insertion of a T-tube into the slightly dilated common duct (ten days prior to Day 0) the jaundice and all symptoms subsided. The serial electrophoretic patterns showed evolution in the direction of normal with definite rise of the diminished albumin fraction significant change after 49 days. After 147 days, L. H. exhibited some' albumin rise and decline of the elevated gamma-globulin, while the pattern retained the same bizarre general configuration with the striking beta-globulin peak.
In contrast with these findings, portal cirrhosis has not shown marked elevation of the beta-globulin fraction as a constant or conspicuous feature.
Comparison of the electrophoretic patterns of deeply jaundiced cases of biliary and portal cirrhosis is illustrated in Figure 3 where the difference between the beta-globulin peaks is striking.
Ether extraction of the serum of the case of biliary cirrhosis resulted in pronounced reduction of the beta-globulin peak to approximately onethird its original area, the conspicuous beta-globulin disturbance (spike) of the descending pattern being likewise markedly diminished. This experiment indicates the important contribution of lipo-protein to the high beta-globulin.
DISCUSSION
The ten cases of biliary cirrhosis had diminished albumin values in all instances, even when normal by the Howe method. The gamma-globulins were elevated in eight of the ten cases. The most characteristic and conspicuous feature, however, was elevation of the beta-globulins, observed in all cases and reaching spectacular levels in two cases with secondary xanthomatosis (L. S. and L. H.). These two cases with almost complete occlusion of the common duct due to post-operative stricture of five years' duration exhibited the most abnormal electrophoretic patterns of the series, one of them (L. H.) showing a beta-globulin exceeding any of the other fractions. The electrophoretic pattern nearest normal occurred in a patient (W. H.) who had been entirely asymptomatic for five months and had normal tests of hepatic function. This pattern revealed slightly diminished albumin, elevated beta-globulin and normal gamma-globulin.
The data in these cases of biliary cirrhosis contrasted with the findings in a previously reported series of cases of portal cirrhosis (4) in which elevation of the beta-globulin fraction was a less constant and less conspicuous feature, strikingly tall peaks never having been observed even when the beta-globulin was high. Moreover, in the cases of portal cirrhosis beta-globulin increases did not occur without marked elevation of gammaglobulin.
It is of interest to compare these findings with the isolated cases previously reported. The patient with "xanthomatosis and biliary cirrhosis" of Gray and Barron (1) exhibited a serum protein composition strikingly similar to our cases with secondary xanthomatosis. The two cases of Thorn, Armstrong and Davenport (2) had major concomitant disease: in one, the biliary cirrhosis was secondary to bile duct carcinoma extensively infiltrating the liver, and in the other biliary cirrhosis was superimposed on old portal cirrhosis, the electrophoretic analyses showing slightly elevated and normal beta-globulins respectively. The patients evidently do not bear close comparison with the present series. A single case listed among the data of Cohen and Thompson (3) had only slight elevation of the beta-globulin but a very high gamma-globulin.
The experiment showing reduction of the greatly increased beta-globulin peak to approximately onethird its original area by ether extraction was interpreted as demonstrating the important contribution of lipo-protein to this pathologically elevated fraction. The same phenomenon has been observed by Longsworth and colleagues in sera of patients with nephrosis (9) and obstructive jaundice (10), the one difference being that the descending beta-globulin disturbance (spike) was essentially unchanged, whereas in the present experiment it was markedly diminished after ether extraction. Zeldis, Alling and co-workers (11) reported somewhat similar results but with complete abolition of the beta-globulin disturbance employing an alcohol-ether extraction that probably caused partial denaturation of the proteins. These findings were obtained in patients with nephrosis, "obstructive jaundice with cholangitis," and other diseases. Unpublished work by Lever (12) corroborates and extends the present findings with cold ether extraction.
Longsworth (9) has discussed the distinction between the lipids presumably present as suspended globules coated with beta-globulin, notably in lipemic (milky) sera which can be clarified by high speed centrifugation, and on the other hand the lipo-proteins in clear solution, which in pathologic sera (such as the present series) may be extracted by cold ether with reduction of the abnormally high beta-globulin peak. It should be noted that the alpha-and beta-lipo-proteins of normal sera have the solubility properties of proteins (13, 14) and are not ether-extractable to any extent (9, 14) . The present elevated betalipo-protein may differ essentially from the normal. An alternative suggestion is the possible effect of bile salts in the serum on the stability of the lipo-protein complex (15, 16) .
Kunkel and Ahrens (17, 18) have emphasized the role of the phospholipid content of the lipoproteins. The phospholipids were found to be relatively low in the lipemic (milky) sera of patients with nephrosis, but high in the transparent high-lipid sera of patients with biliary cirrhosis. The clarity of the high-lipid sera in biliary cirrhosis was attributed to the hydrophilic nature of the phospholipids by virtue of their water-soluble side chains.
Whether the elevated lipo-protein observed electrophoretically as a high beta-globulin peak is merely a phenomenon of biliary regurgitation or whether it represents some derangement of hepatic metabolism remains to be determined. The patterns with high beta-globulin peaks reported by Longsworth (10) and Zeldis and Alling (11) in "obstructive jaundice" tend to support the former view, but further knowledge of hepatic function in these cases would be needed. Gray and Barron (1) emphasized that jaundice per se has no influence on the electrophoretic pattern and presented five jaundiced cases of common duct stone, four of which exhibited normal serum proteins. The remaining case had an elevated beta-globulin fraction, but laparotomy biopsy of the liver showed marked histologic evidence of parenchymal damage. Conversely, in the present series, two cases (W. H. and M. F. with apparently quiescent pathologic processes) showed elevated beta-globulins in the presence of normal serum bilirubin.
The observations of Balfour (19) with the aid of radioactive phosphorus together with previous data (20) suggest that in patients with high levels of plasma lipids the cause of elevated phospholipids is overproduction by the liver rather than biliary regurgitation, not only in biliary cirrhosis but also in the nephrotic syndrome and other conditions.
In the present study the serial electrophoretic analyses on sera Krom a patient without serious mechanical obstruction showed alteration of the serum proteins in the direction of normal coinciding with clinical improvement, as has been observed previously in patients with portal cirrhosis under medical management (21) . On the other hand, as expected, two patients with irreparable stricture of the common duct showed little change in electrophoretic pattern during the period of observation.
SUMMARY
1. Electrophoretic analyses of the serum proteins of ten cases of biliary cirrhosis of the obstructive type revealed deviations from the normal composition in all.
2. The albumin fractions were diminished in all cases and the gamma-globulins were elevated in eight of the ten cases.
3. Elevated beta-globulins were found in all cases and were sometimes strikingly increased.
4. The elevation of beta-globulins was attributed to increased lipo-protein.
5. The abnormalities of the serum proteins were greatest in two cases with irreparable postoperative stricture of the common duct and secondary xanthomatosis, and were minimal in a case without clinical symptoms at the time of study.
